This paper presents the results of an experimental investigation of the interaction of Rayleigh waves with corners. The experiments are done with a dual probe interferometer to measure the interaction of a normal incident Rayleigh wave with corners of varying angles. The incident Rayleigh waves are optically generated with a pulsed laser. The effects of the corners on the Rayleigh waves are then characterized and a finite impulse response (FIR) filter is designed to remove them.
INTRODUCTION
This paper presents the results of an experimental investigation of the interaction of Rayleigh waves with corners. The experiments are done with a dual probe interferometer to measure the interaction of a normal incident Rayleigh wave with corners of varying angles. The incident Rayleigh waves are optically generated with a pulsed laser. The effects of the corners on the Rayleigh waves are then characterized and a finite impulse response (FIR) filter is designed to remove them.
In nondestructive evaluation of surface flaws, the change of amplitude and frequency of a Rayleigh wave is characteristic of the size and depth of the flaw. Unfortunately, any change in the surface contour of a specimen will also change the amplitude and frequency content of a Rayleigh wave. Because the geometry of the specimen being investigated affects the frequency content of the Rayleigh wave, it becomes very difficult to discern any effects due to a surface defect, and thus hard to detect surface flaws.
Previous researchers have investigated the interaction of Rayleigh waves with geometric features such as corners. Viktorov [1] examined the interaction of an incident, harmonic Rayleigh wave with corners of various angles. He showed that the combination of the incident, reflected and transmitted Rayleigh wave does not satisfY the stress free boundary condition; part of the incident Rayleigh wave is mode converted at corners into longitudinal and shear waves that propagate into the body Recent experimental and numerical modeling of the scattering of the incident Rayleigh wave by a 90° angle (quarter space) includes the work by Li et. al [2] , Bond [3] , Gautesen [4] , and Kima and Vu [5] . This paper presents the results of an experimental investigation of the interaction of Rayleigh waves with comers. The experimental program examines a series of aluminum specimens with comer angles that vary from 90° (quarter space) to 0° (half space, no comer.) The procedure uses a laser interferometer to measure the interaction of a normal incident Rayleigh surface wave with comers of varying angle. These incident Rayleigh waves are optically generated with a pulsed laser. The laser source provides a repeatable, broad band signal without contacting the test specimen. The interferometer has two probes that enable the concurrent detection of Rayleigh surface wave forms at two different points. As a result, the incident, transmitted and reflected Rayleigh surface waves can be simultaneously measured. The high fidelity and non-contact nature of these interferometric measurements are critical for the success of this approach; the measurement process does not interfere with or influence the process being monitored.
EXPE~NTALSETUP
The experimental procedure examines the interaction of an incident Rayleigh surface wave with six different comers. The specific comer angles examined are 90 (quarter space), 75,60,45,30, and 15 degrees. A half space specimen (0°, no comer) is used as a benchmark to experimentally verity that the geometric attenuation is cylindrical; the amplitude of a Rayleigh wave should decay as a function of the inverse of the square root of its distance from the source. Specimens, 102 mm in length (except the half space specimen which is 204 mm in length) are machined from stock aluminum bar ( 102 x 102 mm cross section) and have a smooth surface.
Rayleigh surface waves are generated using a Q-switched Nd:YAG laser. All of the results presented in this study use an ablation generation mechanism [6] . The Nd:YAG laser emits a spatially Gaussian profile, with a wavelength of 1060 nm and a pulse duration of 15 ns. The energy of this pulse is 6.00 millijoules, with a standard deviation of 0.17 millijoules. Light from this pulse is used as a trigger that marks the instant that the incident Rayleigh wave is generated, and this trigger time cari be used either to calculate Rayleigh phase velocities or the exact spatial position of the detection probes. The beam diameter that strikes the specimen is regulated using a focusing lens which allows for modifications in the spot size from the laser source. In these experiments, the spot size is 1 mm in diameter.
Laser detection of these Rayleigh waves is accomplished with a dual probe, heterodyne interferometer. This optical device uses the Doppler shift to simultaneously measure out-of-plane surface velocity at two points on the surface of the specimen. These surface velocity signals can be integrated in time to obtain out-of-plane particle displacement. The interferometer is a modified version of the instrument that is described in detail in [7] ; it makes high fidelity, absolute measurements of surface velocity over a bandwidth of 15 MHz ( a broad band measurement in a frequency spectrum up to 15 MHz). Spatial averaging is used to increase the signal-to-noise ratio of the measured waveforms; each waveform presented in the experimental results is the average of fifteen signals. This averaging is possible because of the repeatability of the generation source and the fidelity of the detection system. Waveforms are recorded on a digital oscilloscope and transferred to a personal computer via a GPIB interface. The dual probe interferometer is used to make simultaneous measurements of the incident and scattered Rayleigh wave fields. The first probe is used to detect the incident and reflected Rayleigh waves, while the second probe is used to detect the transmitted wave field (see Fig. la ). An additional advantage of this dual probe set-up is that any variations in the amplitude and frequency of the incident waveform can be accounted for by normalizing the reflected and transmitted Rayleigh wave to the incident wave amplitude and frequency content.
Comparing the normalized incident and transmitted Rayleigh waves, a transfer function is designed to remove the effects of the corner. By removing the effects of the corner, the normalized transmitted Rayleigh wave has the same amplitude and frequency content as the incident Rayleigh wave. To test the robustness of the derived transfer function, a small defect is made in the surface of a sample and the incident and transmitted Rayleigh waves are recorded (see Fig. Ib ).
EXPERIMENTAL RESULTS and DISCUSSION
The 90, 75, 60, 45, 30, and 15 degree specimens, (see Fig. la) , are used to investigate the scattered wave fields as a function of corner angle. The amplitude of the incident Rayleigh wave (RI(t) normalized for distance traveled) and transmitted Rayleigh wave (RT(t) normalized for distanced traveled) are compared in Fig. 2 . It is important to note that at each angle the summation of amplitude ratios does not equal unity due to the fact that some energy is mode converted into longitudinal and shear energy and radiated into the body. A transfer function, T"(wn), is designed using the Fast Fourier Transforms (FFT) of the incident and transmitted Rayleigh waves to remove the effects of the corner (see Fig.  3 ). The incident Rayleigh wave frequency content is divided, point wise, by the transmitted Rayleigh frequency content to produce a transfer function that inversely mimics the corner ( Eq.!). --r-__ 1
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In the second set of experiments, the incident and transmitted signal of the Rayleigh wave interacting with both the defect and the comer, on specimen Fig. Ib , are recorded (see Fig. 4 ). The transfer function derived in the first set of experiments is used to remove the effects of the comer and to isolate the effect ofthe defect. The recorded Rayleigh wave is passed through the transfer function to remove the effects of the comer. The transformed Rayleigh wave is a computed equivalent of a Rayleigh wave that passes the defect only. The computed Rayleigh wave and the actual Rayleigh wave transmitted through just the defect are compared (see Fig. 5 ). It can be seen that the calculated and the actual Rayleigh wave transmitted through the defect match up very wei\. There is a discrepancy in phase that is apparent in the first and last 0.5 microseconds (see Fig. 5 .) However, the amplitude, phase and frequency match up very well in the main bipolar pulse.
CONCLUSION
This paper demonstrates the effectiveness of laser ultrasonic techniques for the experimental investigation of scattering of Rayleigh surface waves by comers. The experimental results examine the transmitted and reflected wave fields as a function of corner angle. This study quantifies specific trends concerning the time and frequency domain behavior of the wave fields scattered by various corner angles. It also shows that the effects of corners on the Rayleigh wave can be removed using transfer functions. This allows the effects of defects to be isolated. These results are an important step in quantifying the effect of geometric features such as corners on measured Rayleigh waves. ----.-----.-----.-----.-----.----.-----.-----.-----. -----.
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